CFG 03314 



- 1 - 

TITLE QF THE INVENTIO N 



ZOOM LENS SYSTEM AND IMAGE PICKUP APPARATUS HAVING THE SAME 

BACKGROUND QF THE INVENTION 



Field o f the invent ion 

[0001] The present invention relates to a zoom lens 
system suitable for a photographing optical system, such as 
a digital still camera or a video camera, using a solid- 
state imaging device, such as a CCD sensor or a CMOS sensor. 
Description of the Related Art 

[0002] In recent years, along with the popularization of 
compact and sophisticated video cameras, digital still 
cameras, or electronic still cameras using solid-state 
imaging devices, such as CCD sensors or CMOS sensors, there 
is a growing requirement for high optical performance and 
reduced size of the optical systems used therein. 
[0003] Generally, as a zoom lens employed in a 
photographing optical system for a still camera, which is 
used for capturing still images using the CCD sensor, an 
optical system including a lens whose entire length is 
extremely short, whose field angle of the lens is wide 
according to the nature of the still image, and whose 
optical performance is higher than a zoom lens employed in a 
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photographing optical system for a video camera for 
photographing moving images has been increasingly required . 
[0004] Japanese Patent Publication No. 7-52256 
(corresponding to US Patent No. 4,733,952) proposes a zoom 
5 lens including three lens units having negative, positive, 
and positive refractive powers, respectively, in which the 
distance between the second lens unit and the third lens 
unit increases during zooming from the wide-angle end to the 
telephoto end. 

10 [0005] US Patent No. 5,434,710 discloses a zoom lens 

including three lens units having negative, positive, and 
positive refractive powers, respectively, in which the 
distance between the second lens unit and the third lens 
unit decreases during zooming from the wide-angle end to the 

15 telephoto end. 

[0006] US patent No. 4,465,343, Japanese Patent Laid-Open 
NO. 11-84243 (corresponding to US Patent No. 6,191,896), 
Japanese Patent Laid-Open No. 2000-284177 (corresponding to 
US Patent No. 6,351,337), Japanese Patent Laid-Open No. 

20 2000-137164, and Japanese Patent Laid-Open No. 2000-147381 

(corresponding to US Patent No. 6,243,213) propose zoom 
lenses including three lens units having negative, positive 
and positive refractive powers, respectively, in which the 
distance between the first lens unit and the second lens 

25 unit, and the distance between the second lens unit and the 
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third lens unit vary during zooming. 
[0007] Japanese Patent Laid-Open No. 2000-9997 
(corresponding to US Patent No. 6,124,987) proposes a zoom 
lens including two lens units having negative and positive 
5 refractive powers, respectively, in which the second lens 

unit includes a first subunit 2a having positive refractive 
power and a second subunit 2b having positive refractive 
power, in which the second subunit 2b carries out a focusing 
operation. 

10 [0008] Japanese Patent Laid-Open No. 2000-009999 

(corresponding to US Patent No. 6,172,818), Japanese Patent 
Laid-Open No. 10-213745, Japanese Patent Laid-Open No. 9- 
258103 (corresponding to US Patent No. 5,872,660), and 
Japanese Patent Laid-Open No. 11-52237 (corresponding to US 

15 Patent No. 6,081,389) propose zoom lenses including three 

lens units having negative, positive, and positive 
refractive powers, respectively, in which the second lens 
unit includes a positive lens and a negative lens. 
[0009] Although the three-unit zoom lenses disposed in 

20 the order of negative, positive, and positive refractive 

power sequentially from the object side, which are disclosed 
in the related art, are preferable as zoom lenses used for a 
wide-angle of view, variations in aberrations during zooming 
tend to increase as the angle of view increases. 



25 



S UMMARY OF THE INVENTION 



[0010] In view of the zoom lenses disclosed in the 
related art, an object of the present invention is to 
provide a zoom lens having a superior optical performance 
without increasing the number of lenses included therein, 
[0011] In order to achieve the above -described object, a 
zoom lens system according to an aspect of the invention 
includes, in order from the front (on the object side if it 
is a camera) to the rear (the image side if it is a camera), 
a first lens unit having negative optical power (reciprocal 
of focal length), an aperture stop, a second lens unit 
having positive optical power, and a third lens unit of 
positive optical power. The distance between the first lens 
unit and the second lens unit varies during zooming. The 
second lens unit consists of, in order from the front to the 
rear, a positive lens element and a negative lens element 
disposed at a distance therefrom. The distances between the 
second lens unit and the third lens unit at a short focal 
length end (so-called wide-angle end) and at a long focal 
length end (so-called telephoto end) are set to suitable 
values . 

[0012] Further objects, features and advantages of the 
present invention will become apparent from the following 
description of the preferred embodiments (with reference to 
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the attached drawings ) • 

BRIEF DESCRIPTION OF THE DRAWINGS 

.5 [0013] Fig. 1 is a cross-sectional view showing a zoom 

lens according to a first example. 

[0014] Fig. 2 is a drawing showing aberrations at the 
wide-angle end of the zoom lens according to the first 
example. 

10 [0015] Fig. 3 is a drawing showing aberrations at an 

intermediate zoomed position of the zoom lens according to 
the first example. 

[0016] Fig. 4 is a drawing showing aberration at the 
telephoto end of the zoom lens according to the first 
15 example. 

[0017] Fig. 5 is a cross-sectional view of a zoom lens 
according to a second example. 

[0018] Fig. 6 is a drawing showing aberrations at the 
wide-angle end of the zoom lens according to the second 
20 example. 

[0019] Fig. 7 is a drawing showing aberrations at an 
intermediate zoomed position of the zoom lens according to 
the second example. 

[0020] Fig. 8 is a drawing showing aberrations at the 
25 telephoto end of the zoom lens according to the second 
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example . 

[0021] Fig. 9 is a cross-sectional view showing a zoom 
lens according to a third example. 

[0022] Fig. 10 is a drawing showing aberrations at the 
5 wide-angle end of the zoom lens according to the third 
example . 

[0023] Fig. 11 is a drawing showing aberrations at an 
intermediate zoomed position of the zoom lens according to 
the third example. 
10 [0024] Fig. 12 is a drawing showing aberrations at the 

telephoto end of the zoom lens according to the third 
example. 

[0025] Fig. 13 is a cross-sectional view of a zoom lens 
according to a fourth example. 
15 [0026] Fig. 14 is a drawing showing aberrations at the 

wide-angle end of the zoom lens according to the fourth 
example . 

[0027] Fig. 15 is a drawing showing aberrations at an 
intermediate zoomed position of the zoom lens according to 
20 the fourth example. 

[0028] Fig. 16 is a drawing showing aberrations at the 
telephoto end of the zoom lens according to the fourth 
example . 

[0029] Fig. 17 is a general view of a digital still 
25 camera. 



DE SCRIPTION OF THE PREFERRED EMBODIMENTS 



[0030] Referring now to the drawings, an embodiment of a 
zoom lens system and an image pickup apparatus according to 
the present invention will be described . 

[0031] Fig. 1 is a cross-sectional view of a zoom lens 
according to a first embodiment at the wide-angle end. Fig. 
2 to Fig. 4 are drawings showing aberrations of a zoom lens 
according to the first embodiment at the wide-angle end, at 
an intermediate zoom position, and at the telephoto end. 
[0032] Fig. 5 is a cross -sectional view of a zoom lens 
according to a second embodiment at the wide-angle end. Fig. 
6 to Fig. 8 are drawings showing aberrations of the zoom 
lens according to the second embodiment at the wide-angle 
end, at an intermediate zoom position, and at the telephoto 
end. 

[0033] Fig. 9 is a cross -sectional view of a zoom lens 
according to a third embodiment at the wide-angle end. Fig. 
10 to Fig. 12 are drawings showing aberrations of the zoom 
lens according to the third embodiment at the wide-angle end, 
at an intermediate zoom position, and at the telephoto end* 
[0034] Fig. 13 is a cross-sectional view of a zoom lens 
according to a fourth embodiment at the wide-angle end. Fig. 
14 to Fig. 16 are drawings showing aberrations of the zoom 
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lens according to the fourth embodiment at the wide-angle 
end, at an intermediate zoom position, and at the telephoto 
end. 

[0035] In the cross- sectional view of the zoom lenses 
5 according to the embodiments shown in Figs. 1, 5, 9, and 13 , 
the left side is the object side (front) and the right side 
is the image side (rear) . A first lens unit LI has negative 
refractive power (optical power = reciprocal of focal 
length), a second lens unit L2 has positive refractive power, 

10 and a third lens unit L3 has positive refractive power. An 

aperture stop diaphragm SP is disposed on the object side of 
the second lens unit L2. A light-detecting surface of the 
solid-state imaging device, such as a CCD sensor or a CMOS 
sensor, is disposed in an image plane IP. A glass block G 

15 corresponds to a color filter or a face plate. In the 

graphs showing aberrations, reference sign d represents the 
d-line, reference sign g represents the g-line, AM 
represents the meridional image plane, AS represents the 
sagittal image plane, and lateral chromatic aberration is 

20 represented by the g-line. 

[0036] According to the embodiments 1, 2 and 3 shown in 
Figs. 1, 5, and 9, the first lens unit LI is moved to follow 
an arcuate track projecting toward the image, as indicated 
by an arrow, and the second lens unit L2 and the third lens 

25 unit L3 are moved toward the object when zooming from the 
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wide-angle end to the telephoto end, so that the distance 
between the first lens unit LI and the second lens unit L2 
at the wide-angle end becomes smaller, and the distance 
between the second lens unit L2 and the third lens unit L3 
5 becomes larger in comparison with that at the telephoto end. 
[0037] According to the fourth embodiment shown in Fig B 
13, the first lens unit LI is moved to follow an arcuate 
track projecting toward the image, as indicated by an arrow, 
and the second lens unit L2 and the third lens unit L3 move 

10 integrally (without changing the distance therebetween) 

toward the object when zooming from the wide-angle end to 
the telephoto end, so that the distance between the first 
lens unit LI and the second lens unit L2 becomes smaller. 
[0038] According to the fourth embodiment 4 shown in Fig. 

15 13, the zoom lens may be constructed of two lens units, that 

is a front lens unit (the first lens unit LI) having 
negative refractive power and a rear lens unit (the second 
lens unit L2 and the third lens unit L3) having positive 
refractive power. 

20 [0039] In the first to fourth embodiments, the first lens 

unit moves reciprocally so that the entire length of the 
lens at the wide-angle end becomes longer than the entire 
length of the lens at the telephoto end, when zooming. The 
stop SP moves integrally with the second lens unit L2 when 

25 zooming. 
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[0040] According to the zoom lens in the embodiments, the 
power is varied mainly by moving the second lens unit L2 
having positive refractive power (the second and third lens 
units L2 and L3 in the third embodiment), and the movement 
5 of the image point (image plane) in association with the 
variation in power is compensated for by moving the first 
lens unit LI having negative refractive power. The third 
lens unit L3 having positive refractive power also 
contributes to alleviate increase in the refractive power of 

10 a photographing lens in association with the reduction in 

size of the imaging device, and thus reduces the refractive 
power of the short zooming system constructed of the first 
and second lens units LI and L2, so that the occurrence of 
aberrations especially in various lenses constituting the 

15 first lens unit LI is. prevented, thus achieving superior 
optical performance. 

[0041] In every zoom lens of the embodiments described 
above, a so called inner- focusing system, in which focusing 
is performed by moving the third lens unit L3, which is 

20 lightweight, is employed. Accordingly, variations in 

aberrations during focusing are minimized by facilitating 
quick focusing and properly designing the lens construction. 
[0042] The second lens unit L2 includes, in order from 
the object side, independent positive and negative lens 

25 elements (in this specification, a single lens is referred 
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to as a lens element ) . 

[0043] The zoom lens according to the invention 
preferably satisfies one of following conditional 
expressions: 

0.2 < d23W/fw < 1.0 (1) 

0.2 < d23T/fw < 1.0 (2) 

0.1 < D2a/fw < 0.3 (3) 

15 < vp-vn (4) 
where d23W and d23T represent the distance between the 
second lens unit L2 and the third lens unit L3 at the wide- 
angle end and the telephoto end when focusing on an object 
at infinity, respectively, fw represents the focal length of 
the entire system at the wide-angle end, D2a represents the 
distance from the lens surface on the image side of the 
positive lens element in the second lens unit L2 to the lens 
surface on the image side of the negative lens element in 
the second lens unit L2, vp represents the Abbe number of 
the material of the positive lens element of the second lens 
unit L2, and vn represents the Abbe number of the material 
of the negative lens element of the second lens unit L2. 
The zoom lenses according to the first to fourth embodiments 
satisfy all the conditional expressions shown above. 
[0044] The meanings of the respective conditional 
expressions will be described below. 

[0045] The conditional expressions (1) and (2) are 
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expressions established for determining the distances d23W 
and d23T of the second lens unit L2 and the third lens unit 
L3 at the wide-angle end and at the telephoto end from the 
focal length fw at the wide-angle end, wherein the entire 
5 lens system is reduced in size while mainly performing 
aberration correction. 

[0046] When the distance between the second lens unit L2 
and the third lens unit L3 exceeds the upper limit value of 
the conditional expressions (1) and (2), the size of the 

10 entire second lens unit L2 increases, and thus the entire 

lens system is increased in size, which is disadvantageous. 
[0047] When the distance between the second lens unit L2 
and the third lens unit L3 is decreased to a value below the 
lower limit of the conditional expression (1), the distance 

15 to the exit pupil becomes too short at the wide-angle end, 

and thus the influence of shading increases, which is 
disadvantageous . 

[0048] When the distance between the second lens unit L2 
and the third lens unit L3 is decreased to a value below the 

20 lower limit of the conditional expression (2), the second 
lens unit L2 and the third lens unit L3 mechanically 
interfere for close range objects when focusing is performed 
by the third lens unit L3, which is disadvantageous. 
[0049] The conditional expression (3) relates to the 

25 distance D2a from the lens surface on the image side of the 
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positive lens element in the second lens unit L2 to the lens 
surface (aspheric surface) on the image side of the negative 
lens element in the second lens unit L2. When the distance 
D2a is decreased to a value below the lower limit of the 
conditional expression (3) , correction of comatic aberration 
at the periphery in the wide-angle range becomes difficult ■. 
[0050] When the distance D2a exceeds the upper limit of 
the conditional expression (3), the axial thickness of the 
entire second lens unit L2 increases, and consequently, the 
thickness in the retracted state increases, which is 
disadvantageous . 

[0051] The conditional expression (4) is an expression 
for correcting, in the second lens unit L2, axial chromatic 
aberration in the entire zooming range to a preferred value 
by using high refractive index, low dispersion lens as a 
component for the positive lens element, and high refractive 
index and high dispersion lens as a component for the 
negative lens element. When the conditional expression (4) 
is not satisfied, axial chromatic aberration cannot be 
corrected satisfactorily. 

[0052] In the embodiments described above, the ranges of 
the conditional expressions (1) to (4) are more preferably 
set as shown below. 

0.3 < d23w/fw < 0.6 (1) 1 

0.3 < d23w/fw < 0.8 (2) 1 
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0.15 < D2a/fw < 0.25 (3) ' 

20 < vp-vn (4) ' 

[0053] In the embodiments described above, the first lens 
unit LI includes a meniscus -shaped negative lens having a 
5 convex surface facing the object side and a meniscus -shaped 
positive lens element having a convex surface facing the 
object side. The meniscus -shaped negative lens includes an 
aspherical surface on either of these two sides thereof, and 
the refractive power is larger on the image side than on the 

10 object side in the absolute value. 

[0054] The second lens unit L2 includes the positive lens 
element having a shape such that the absolute value of the 
refractive power is larger on the object side than the image 
side, and the negative lens having a shape such that the 

15 absolute value of the refractive power is smaller on the 
object side than the image side. 

[0055] The positive lens element and the negative lens 
element in the second lens unit L2 each have an aspherical 
surface. The third lens unit L3 is constructed of a single 

20 positive lens element. 

[0056] The first to fourth examples corresponding to the 
first to fourth embodiments will be shown below. In the 
respective numerical embodiments, reference sign i 
represents the ordinal number of the surface from the object 

25 side, Ri represents the radius of curvature of the i th 



- 15 - 



surface, Di represents the thickness of the member or the 
air distance between the i th surface and the i+l th surface, 
and Ni and vi represent the index of refraction and Abbe 
number with respect to the d-line, respectively. The two 
5 planes nearest to the image correspond to a glass block G 

such as a liquid crystal low pass filter, or an infrared cut 
filter. The aspherical shape is represented by the 
following expression: 
[Expression 1] 

10 X= . (U7?)//2 +AH 2 +BH 4 +C// 6 +£>/f 8 +EH 10 

l + ^l-(l-k)(H/R) 2 

where the axial displacement with respect to the 
surface apex at the height H from the optical axis is X. 
Reference sign R represents a paraxial radius of curvature, 
k represents a conical constant, and A, B, C, D, and E 

15 represent aspherical coefficients. 

[0057] The symbol e" x means " xl0" x " . Reference sign f 
represents a focal length, Fno represents the F number, and 
the co represents half the angle of view. The relation 
between the respective conditional expressions described 

20 above and the various numerical values in the examples will 
be shown in Table 1. 
Example 1 

f= 5.43-10.34 Fno= 2.88-3.73 2<y= 63.3-35.9 
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Rl = 

* R2 = 
R3 = 
R4 = 
R5= 

* R6 = 
R7 = 
R8 = 

* R9= 
RIO 
Rll 
R12 
R13 



116.419 
4.201 
7.675 
28.541 
aperture 

4.413 
-25.261 
273.988 
4.671 
= 70.604 
= -8.797 
= oo 

= 00 



Dl= 1.20 Nl= 1.802380 

D2= 1.44 

D3= 1.60 N2= 1.846660 

D4= variable 
D5= 0.70 

D6= 2.00 N3= 1.743300 

D7= 0.20 

D8= 0.70 N4= 1.832430 

D9= variable 

D10= 1.20 N5= 1.603112 

Dll= variable 

D12= 2.50 N6= 1.516330 



v 1= 40.8 



v2= 23.9 



v3= 49.3 



v4= 23.9 



v5= 60.6 



V6= 64.1 



* : aspherical surface 



... focal 

^^-^^ length 
variable 

distance 


5.43 


7.71 


10.34 


D4 


12.05 


6.12 


2.33 


D9 


2. 22 


2.84 


3.05 


Dll 


6.00 


7.66 


9.73 



Aspherical coefficients 
Surface 2: k=-2 . 26263e+00 
D=1.17539e-06 



B=2.59377e-03 C=-5 . 89036e-05 



E=-4.95432e-09 
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Surface 6: k=-4 . 56915e-02 B=-2 . 60002e-04 C=-l . 54880e-05 

D=-6.27980e-04 E=4 . 30500e-07 
Surface 9: k=0„00000e+00 B=2 . 34846e-03 C=3 . 50345e-04 

D=-9.80826e-05 E=l . 42504e-05 

Example 2 

f= 5.43-10.34 Fno= 2.88-3.87 2co= 63.3-35.9 

Dl= 1.20 Nl= 1.802380 V 1= 40.8 

D2= 1.40 

D3= 1.60 N2= 1.846660 v 2= 23.9 

D4= variable - 
D5= 0.70 

D6= 2.00 N3= 1.743300 V 3= 49.3 

D7= 0.20 

D8= 0.70 N4= 1.832430 V 4= 23. 9 

D9= variable 

D10= 1.40 N5= 1.603112 v 5= 60.6 

Dll= variable 

D12= 2.50 N6= 1.516330 V 6= 64.1 



Rl= 154.287 

* R2= 3.866 
R3= 7.306 
R4= 28.371 
R5= aperture 

* R6= 4.025 
R7= -20.592 
R8= 593.715 

* R9= 4.239 
R10= 33.231 
Rll= -10.531 
R12= oo 
R13= oo 



* : aspherical surface 
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focal 

length 

variable 

distance 


5.43 


7.72 


10.34 


D4 


9.72 


4.94 


1.83 


D9 


1.32 


2.69 


3.06 


Dll 


5.50 


7.14 


9.28 



10 



15 



Aspherical coefficients 

Surface 2: k=-l . 69447e+00 B=2 . 01718e-03 C=-l . 34866e-05 

D=-7.72533e-07 E=3 . 04415e-08 

Surface 6: k=2 . 14569e-01 B=- 1 . 00681e-03 C=-4 . 46865e-05 



D=-7.87034e-06 E=-3 . 05187e-07 



Surface 9 : 



k=0.00000e+00 



B=3.04818e-03 



C=4.91291e-04 



D=-5.84486e-05 E=7 . 22716e-06 



Example 3 
f= 4.41-8.42 
Rl= 150.907 
* R2= 3.480 
R3= 7.119 
R4= 28.495 



Fno= 2.88-3.86 2a>= 74.4-43.4 
Dl= 1.20 Nl= 1.802380 

D2= 1.50 

D3= 1.60 N2= 1.846660 

D4= variable 



R5= aperture D5= 0.70 

* R6= 3.706 D6= 2.00 
R7= -14.268 
R8= -99.475 

* R9= 3.907 



N3= 1.743300 

D7= 0.20 

D8= 0.70 N4= 1.832430 

D9= variable 



v 1= 40.8 



v2= 23.9 



V 3= 49.3 



v4= 23.9 
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R10= 24.465 D10= 1.40 N5= 1.487490 v 5= 70.2 

Rll= -7.584 Dll= variable 

R12= oo D12= 2.50 N6= 1.516330 v6= 64.1 

R13= oo 

* : aspherical surface 



focal 

length 

variable 
distance 


4.41 


6.24 


8.42 


D4 


9.28 


4.94 


1.84 


D9 


1.35 


2. 97 


3.44 


Dll 


3.60 


4.78 


6.62 



10 



15 



Aspherical coefficients 

Surface 2: k=-l . 96126e+00 B=3 . 35138e-03 
D=9.68668e-07 



C=-7.71219e-05 



E=1.66840e-08 

Surface 6: k=-l . 07763e-02 B=-6 . 66938e-04 C=-9 . 94110e-05 
D=-7.73302e-06 E=7 . 39438e-08 

B=5.49272e-03 



Surface 9: k=0 . 00000e+00 



C=3.91100e-04 



D=-6.17978e-05 E=2 . 81159e-05 



Example 4 

f= 6.15-11.70 Fno= 2.88-3.82 2a>= 57.1-32.0 

Rl= 165.919 Dl= 1.20 Nl= 1.802380 V 1= 40.8 

* R2= 4.640 D2= 1.77 

R3= 8.644 D3= 1.60 N2= 1.846660 V 2= 23.9 
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10 



R4= 28.423 
R5= aperture 

* R6= 4.678 
R7= -23.270 
R8= 50.188 

* R9= 4.903 
R10= -21.808 
Rll= -6.667 
R12= oo 
R13= oo 



N3= 1.743300 



D4= variable 
D5= 0.70 
D6= 2.00 
D7= 0.20 

D8= 0.70 N4= 1.832430 

D9= 2.23 

D10= 1.30 N5= 1.487490 

Dll= variable 

D12= 2.50 N6= 1.516330 



V3= 49.3 



v4= 23.9 



v5= 70.2 



v6= 64.1 



*:aspherical surface 



focal 

length 

variable 

distance /"""""---^ 


6.15 


8.93 


11.70 


D4 


11.90 


5.68 


2.41 


Dll 


7.00 


9.21 


11.42 



Aspherical coefficients 
15 Surface 2: k=-2 . 53353e+00 

D=1.51868e-06 
Surface 6: k=-l . 11463e-01 
D=-6.56670e-06 
Surface 9: k=0 . 00000e+00 
20 D=-1.01723e-04 



B=2.35200e-03 

E=-1.98968e-08 

B=-2.32037e-05 

E=3.46007e-07 

B=2.55172e-03 

E=1.13252e-05 



C=-5.95169e-05 



C=-1.81360e-05 



C=3.35101e-04 



[Table 1] 



Table -1 



Example 


conditional expression 


(1) 


(2) 


(3) 


(4) 


1 


0.41 


0.56 


0.17 


25.4 


2 


0.34 


0.56 


0.17 


25.4 


3 


0.42 


0.78 


0.20 


25.4 


4 


0.36 


0.36 


0.15 


25.4 



[0058] According to the zoom lens systems in the first to 
fourth embodiments, three lens units having negative, 
positive, and positive refractive powers are provided, the 
construction of the respective lens units, the position of 
the aspherical surfaces, and the> movement when zooming are 
optimally determined, and the method of focusing is 
optimally determined. As a consequence, a zoom lens 
including a wide-angle range and having a bright and high 
optical performance is achieved while keeping the variable 
power in the order of x2, even though the number of lenses 
is reduced and the entire length of the zoom lens system is 
reduced. 

[0059] Subsequently, referring now to Fig. 17, an 
embodiment of a digital still camera employing the zoom lens 
according to the invention as a photographing optical system 
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is described. 

[0060] In Fig. 17, reference numeral 20 designates a 
camera body; numeral 21 designates a photographing optical 
system constructed of the zoom lens according to the 
5 invention; reference numeral 22 designates a solid-state 

imaging device (photoelectric conversion element), such as a 
CCD sensor or a CMOS sensor which is built in the camera 
body and receives a captured image formed by the 
photographing optical system 21; reference numeral 23 

10 designates a memory for recording information on the object 
to be photographed, which is photoelectrically converted by 
the solid-state imaging device 22; and reference numeral 24 
designates a finder constructed by a liquid crystal display 
panel or the like, for observing the object to be captured, 

15 formed on the solid-state imaging device 22. 

[0061] In this manner, a compact optical apparatus haying 
a high optical performance is achieved by applying the zoom 
lens according to the invention to an optical apparatus such 
as a digital still camera. 

20 [0062] While the present invention has been described 

with reference to what are presently considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. On 
the contrary, the invention is intended to cover various 

25 modifications and equivalent arrangements included within 
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the spirit and scope of the appended claims. The scope of 
the following claims is to be accorded the broadest 
interpretation so as to encompass all such modifications and 
equivalent structures and functions . 



